Control of rat hypothalamic pro-opiomelanocortin neurons by a circadian clock that is entrained by the daily light-off signal.
Previous studies have clearly demonstrated that the immediate-early gene, c-fos can regulate, through its protein product Fos, the expression of the pro-opiomelanocortin gene. In the present study, immunohistochemistry for Fos and beta-endorphin was used to assess the basal activity of hypothalamic pro-opiomelanocortin-producing neurons throughout a 12 h light/12 h dark cycle. Here, we showed that Fos is undetectable in most beta-endorphin neurons from late morning until 30 min after light offset in the evening, whereas Fos is spontaneously expressed in these neurons after 1 h following dark onset. The number of beta-endorphin neurons expressing Fos increases continuously during the first half of the dark phase, is maximal at the middle of this phase and decreases through late night and early morning, reaching a nadir 2-3 h after light onset. Acute shifts of lighting parameters allowed us to demonstrate that the light-off signal per se is neither sufficient nor necessary for Fos expression in beta-endorphin neurons. However, when recurrent, this signal is able to entrain Fos expression after a period of adaptation to the new light/dark schedule. Moreover, an expression of Fos in beta-endorphin neurons persists during subjective night in rat exposed to constant light or constant dark for two to three days. Thus, the occurrence of the daily rhythmic increase in the expression of Fos protein in hypothalamic pro-opiomelanocortin neurons exclusively at (subjective) night suggests that these neurons are, most likely, controlled by a (circadian) nocturnal oscillator. Our data also reveal an interesting property of this oscillator: its entrainment by the daily light-to-dark transition signal.